Detection of early renal affection before proceeding to hepatorenal failure as a complication of liver cirrhosis in children will be helpful in the prognosis of the disease. The objective of this study was to detect early hemodynamic changes in children with liver cirrhosis who had normal kidney function tests to measure the pulsatility index (PI) and resistance index (RI) and their correlation to some risk factors (severity of cirrhosis, renal infection, blood hemoglobin level, and the presence of portal hypertension). Thirty children with different stages of liver cirrhosis (with normal kidney function tests) and 10 apparently healthy children were included. RI and PI were measured by Doppler spectral wave analysis for patients and control. Both PI and RI indices were significantly higher in all children with liver cirrhosis compared with the control group. Both indices showed highest values with class C compared with classes B and A. Each was significantly higher in the presence of anemia, renal infection and portal hypertension. Monitoring of resistance indices (PI and RI) measured noninvasively by Doppler sonography is an effective and easy method for detection of very early renal hemodynamic alternation in childhood cirrhosis and consequently early proper management.
Hepatorenal syndrome is a functional renal impairment that occurs in patients with advanced liver cirrhosis or those with fulminant hepatic failure. It is characterized by marked reduction in glomerular filtration rate and renal plasma flow. It is the most advanced stage of various pathophysiologic renal derangement that takes place in patients with cirrhosis. 1 The hallmark of hepatorenal syndrome is the intense renal vasoconstrictions that start at an early time point and progress with worsening of the liver disease. 2 The derangement of renal perfusion reaches its extreme in hepatorenal syndrome, but these hemodynamic changes are already present in the early phase of cirrhosis, when common kidney function tests are normal. [2] [3] [4] Detection of early affection before proceeding to hepatorenal failure as a complication of liver cirrhosis will be helpful in the prognosis of the disease and may be taken into account in the clinical management of these patients. 5, 6 Doppler sonography is a simple, effective, and noninvasive method that enables the early detection of renal hemodynamic disturbances in patients with liver cirrhosis even before renal dysfunction becomes clinically evident. It also makes identification of a subgroup of patients with liver cirrhosis who are at higher risk for developing hepatorenal syndrome. 4 The aim of this study is to detect early hemodynamic changes in children with different stages of liver cirrhosis who had normal kidney function tests by measuring the pulsatility index (PI) and resistance index (RI) and compare them with a control group of apparently healthy age-and sex-matched children and their relationship to some risk factors (severity of cirrhosis, renal infection, blood hemoglobin level, and the presence of portal hypertension).
the Pediatric Hepatology and Gastroenterology Unit at Assiut University Children Hospital, Egypt. After the approval by the ethical committee of the Faculty of Medicine at Assiut University, informed written consent was obtained from the parents or legal guardians. All studied children were subjected to full history taking through clinical examination. Child-Turcotte-Pugh score was used for grading the severity of liver cirrhosis (Table 1) . 7 According to the Child-Turcotte-Pugh score, 10 of our patients satisfied the items in class A, 10 were in class B, and 10 were in class C. No medications were given for at least one week prior to study. The following investigations were done to all cirrhotic children: complete blood picture, liver and kidney function tests, prothrombin time and concentration, urine analysis (urine culture if needed), and abdominal sonography. Duplex Doppler sonography was performed for all patients. An Aloka SDD-2000 color Doppler system (Aloka, Tokyo, Japan) was used. This device is equipped with automatic measurement and calculation software for vascular investigations; 7.5-MHz curved assay or 5-MHz linear array transducers were used. All patients were examined in the supine position and left and right lateral decubitus positions, where longitudinal and transverse scans were performed without sedation. The obtained Doppler signals were analyzed for the direction of blood flow, and then the maximum velocity, mean velocity, and flow volume were calculated automatically. Both kidneys were examined. The renal arteries were easily depicted with color Doppler, and the branching of the arterial vessels inside the kidney was seen in every case up to the arcuate arteries. Doppler signals were in general obtained from arcuate arteries at the corticomedullary junction and/or interlobar arteries along the border of the medullary pyramids. At least two different renal vessels were studied with duplex Doppler imaging. The resistive index (RI), which is defined as (peak systolic velocity-minimum diastolic velocity)/peak systolic velocity for each vessel, was calculated as an average volume obtained from three to five waveforms. The pulsatility index (PI), which is defined as (peak systolic velocity minimum diastolic velocity)/mean velocity, was also calculated.
Statistical Analysis
Data were processed using a SPSS (SPSS, Inc., an IBM Company, Chicago, Illinois) computer package. Normality was assessed using the Kolmogorov-Smirnov test; data were found to be normally distributed, so parametric tests were applied. Student t test was used for quantitative data. The Fisher exact test was used for qualitative data. The difference was considered significant if probability (P) values were less than .05. Pearson correlation coefficient was used to measure correlation between variables.
Results
Details of demographic, clinical, and laboratory data of cirrhotic children are illustrated in Table 2 . The present study revealed that both PI and RI indices were significantly higher in all children with liver cirrhosis compared with the control group (Table 3 and Figure 1 ). This study also revealed that PI and RI indices correlated positively with the Child-Turcotte-Pugh score (r = 0.931, P = .000 for PI index; r = 0.919, P = .000 for RI index; Figures 2 and 3). Figure 4 shows the Doppler spectrum waveform and color flow mapping for intrarenal vascularity showing the RI of cirrhotic children classified as class C. Figure 5 shows the Doppler spectrum waveform and color flow mapping for intrarenal vascularity showing the RI of cirrhotic children classified as class B. Figure 6 shows the Doppler spectrum waveform and color flow mapping for intrarenal vascularity showing the RI of cirrhotic children classified as class A. A significant increase in both PI and RI indices in cirrhotic children with urinary tract infection (positive urine culture) compared with those without urinary tract infection was found ( Table 4 ). The present study also revealed a significant increase in both PI and RI indices in cirrhotic children with portal hypertension (as evidenced by the presence of esophageal varices) compared with those without ( Table 5) . A significant negative correlation was found between both PI and RI indices and blood hemoglobin level (r = -0.320, P = 0.037 for PI index; r = -0.382, P = 0.011, for RI index; Figures 7 and 8 ). There was no significant difference of both Grading (total score): 1-6 = class A; 7-9 = class B; 10-15 = class C, according to grading by Kelley et al. 7 indices in relation to age, sex, or the duration of illness in the studied cirrhotic children (data were not tabulated).
Discussion
Hepatorenal syndrome, a well-recognized complication of established liver disease, is characterized by early renal vasoconstrictions before clinically recognized renal disease occurs. Renal vasoconstrictions cause increased vascular resistance, which can be detected noninvasively by Doppler sonography. 8 An interesting finding in the current study is increased renal vascular resistance in all studied children with liver cirrhosis (even class A) compared with the control group, although all of them had normal kidney function. So we can suggest that renal hemodynamic changes (vasoconstriction) occur early in liver cirrhosis before any clinically or laboratory recognized kidney disease. This finding is in agreement with other authors who reported that renal failure develops as a result of renal vascular constriction and can be present weeks or even months before clinical signs or increased levels of blood urea or serum creatinine concentration. [1] [2] [3] [4] 9 Invasive methods have demonstrated that intrarenal blood flow is already reduced in the nonascetic phase of the disease. 10 However, Platt et al. 2 stated that renal vasoconstriction should be detected noninvasively. In the current study, we found that Doppler sonography is a useful, effective, and noninvasive method that enables the early detection of renal hemodynamic disturbances in patients with liver cirrhosis even before renal dysfunction becomes clinically evident. Similar results have been reported in adults 2, 4, 5, 9, 11 and children 3 with liver cirrhosis. In a prospective study done by Platt et al., 2 patients with cirrhosis and elevated renal resistive indices and normal renal function had a 55% probability of developing subsequent kidney dysfunction compared with 6% with normal indices.
Hepatorenal syndrome develops more frequently in patients with elevated resistive indices compared with those with normal indices so early detection of renal vasoconstriction by Doppler sonography can predict future development of hepatorenal syndrome in patients with cirrhosis. 2 The derangement of renal perfusion in our patients positively correlated with the severity of liver disease as evaluated with the Child-Turcotte-Pugh score. Resistance indices were higher in class C patients than in patients in classes A and B. Similarly, it related to the presence of portal hypertension detected by the presence of esophageal varices. This finding is different from those of Abdallah et al., 3 who did not find any correlation between the degrees of portal hypertension in relation to the renal resistance index by Doppler sonography. But our finding is in agreement with Berzigotti et al., 12 who found that renovascular impendence had a direct correlation with portal hypertension. With portal hypertension, the effective circulatory volume decreases secondary to the increase in splanchnic blood pooling and vasodilatation of the systemic and splanchnic circulation resulting from increased vasodilatation; the decrease of the circulatory volume (hypotension) leads to vasoconstriction of the renal vessels. With cirrhosis progression, further splanchnic vasodilatation occurs, creating a vicious cycle that favors more systemic vasodilatation and subsequent vasoconstriction. 1 Both PI and RI values in our patients showed a negative correlation with blood hemoglobin level. Anemia in children with liver cirrhosis may be caused by gastrointestinal bleeding or poor nutritional status. 13 To the best of our knowledge, this is the first study to report the correlation between anemia in cirrhotic children and high renal resistance indices. This finding may be explained by the fact that the pathophysiologic hallmark of hepatorenal syndrome is peripheral arterial vasodilatation with hyperdynamic circulation, action of vasoactive mediators on renal circulation, and subsequent renal vasoconistriction. 1 Anemia causes more hyperdynamic circulatory changes and increased cardiac output, which may lead to more activation of the vasoactive mediator on renal circulation and more renal vasoconstriction. Among cirrhotic children included in this study, six suffered only from lower urinary tract infection. All isolated organisms from urine culture were gramnegative bacteria. An interesting finding in those children was the presence of a significant increase in both PI and RI in the presence of urinary tract infection. In this respect, our results are in keeping with Gines and Arroyo, 14 who mentioned that in some patients, hepatorenal syndrome develops without any identifiable precipitating factor, whereas in others, it occurs in close relationship with some complications as gram-negative bacterial infections. This finding may be explained by the fact that bacterial infections, especially gram-negative bacilli, may cause activation of vasoconstrictor systems and cytokines. [14] [15] [16] [17] But this interesting finding deserves more research, especially comparing upper and lower urinary tract infection and the type of the isolated organisms in correlation with renal hemodynamic changes.
Finally, early detection of renal function impairment in cirrhotic children by elevated PI and RI detected by Doppler sonography must be taken into account in the clinical management of these children; special consideration should be given to nutritional status. 1 A low-salt diet should be reinforced in all cases. Diuretics should be stopped, and tense ascites should be managed with paracentesis together with albumin infusion. 18 Antibiotic therapy, together with albumin infusion (1 g/kg intravenous), should begin as soon as bacterial infection is detected. 19 The incidence of hepatorenal syndrome is markedly lower in patients receiving albumin than in patients not receiving albumin. More important, albumin administration also improves survival in these patients. [20] [21] [22] The beneficial effect of albumin relates to its capacity to prevent the impairment in the effective arterial volume and subsequent activation of vasoconstrictor systems. 14 In conclusion, monitoring of resistance indices (PI and RI) measured noninvasively by Doppler sonography is an effective and simple method for detection of very early renal hemodynamic alternation in childhood cirrhosis, leading to early and proper management. It also helps in identifying subgroups of cirrhotic children who are at higher risk for developing hepatorenal syndrome. We suggest that early albumin administration and proper treatment of anemia, portal hypertension, and urinary tract infection would improve the quality of life and delay the occurrence of hepatorenal syndrome in these patients with impaired indices (PI and RI). 
